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THERMAL TREATMENT OF BRA7PP PRODUCTS FOR IMPROVED CORROSION RESISTANCE 



BACKGROUND OF THE INVENTION 

This invention relates to brazed aluminum products, and particularly to the, behavior of such products 
when exposed to corrosive environments. 

Brazing is a widely used process for joining aluminum parts in the manufacture of such products as air 
conditioning evaporators and radiators. In use, these products, particularly^ automotive radiators are 
exposed to salted road splash causing intergranular corrosion attack, which limits the useful life of the 

P ^Thfe problem has been addressed in the literature in a variety of ways. An early example is Miller. U.S. 
Patent No 2 821 014 (January 28, 1958). where it is disclosed that intergranular corrosion problems in flux 
and dip brazing 'are alleviated by adding an interlayer between the structural member portion and the 
brazing layer. The interlayer is aluminum or an aluminum-base alloy, particularly certain magneaurn- 
contatoing alloys, having a melting point greater than that of the structural alloy. The ^°n offered by 
SbntaMtt al U.S. Patent No. 3,788.824 (January 29, 1974) and its divisional. No. 3,881,879 (May 6, 
1975) is directed to vacuum brazing, and involves the addition of iron to either the core alloy or the 
claddino alloy as an alloying element, resulting in improvements in both corrosion resistance and sag 
resistance: Anthony et al.. U.S. Patent No. 4,039,298 (August 2. 1977, address both flux and vacuum 
brazing and disclose a composite of complex and highly specified composition as teing partcutariy 
beneficial in terms of corrosion properties. The disclosed core alloy contains specified amounts of 
manganese, copper, chromium, silicon and iron as alloying elements with both a solidsolunon and an 
Shiphase. whereas the alloying elements in the cladding are bismuth and silicon. An additional disclosure 
by the same patentees appears in U.S. Patent No. 4,093,782 (June 6, 1978) and its continuation-in-part. No. 
4 167 410 (September 11, 1979). in which the core alloy contains a specified combination of chromium and 
manganese, with resultant improvements in both corrosion resistance and sag resistance. A similar 
disclosure appears in Setzer et al., U.S. Patent No. 3,994,695 (November 30. 1976). where the core alloy 
contains a chromium-manganese-zirconium combination, the sole claimed benefit however being an 
improvement in sag resistance. A combination of copper and titanium as primary alloying elements in the 
core alloy is disclosed in Kaifu et al. U.S. Patent No. 4.339.510 (July 13. 1982). as proving a benefit m 
30 interqranular corrosion resistance. ■ . 

A different approach is disclosed by Nakamura, U.S. Patent No. 4.172.548 (October 30. 1979), in which 
corrosion following fluxless brazing processes in general (including both vacuum brazing and brazing .n an 
inert atmosphere) is controlled by controlling the grain size of the brazing sheet to at least 60 microns in 
diameter achieved by a controlled cold work followed by a full anneal. 

Heat treatment is disclosed for metallic alloys in general for a number of reasons. Heat treatment after 
brazing in a heat-hardenable copper-based alloy is disclosed by Silliman, U.S. Patent No. 2,117,106 (May 
10, 1938) for returning hardness and spring qualities lost during the brazing procedure. Soldered jomtsin 
copper-brass radiators are heat-treated in a process disclosed by Harvey, U.S. Patent No. 3.335,284 
(November 28 1967) to lessen the occurrence of stress and creep-rupture at the operating temperature. 
Tisinai et al , U.S. Patent No. 3.028,268 (April 3, 1962) used a high temperature heat treatment to impart 
corrosion resistance to nickel-chromium-molybdenum alloys. Heat treatments are disclosed for similar 
purposes in aluminum wires (Weber. U.S. Patent No. 3,503,596. March 31. 1970) and zinc-based alloys 
(Gervais. et al., U.S. Patent No. 3,880,679. April 29, 1975). 
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SUMMARY OF THE INVENTION 



It has now been discovered that the heightened corrosion susceptibility in aluminum alloy products 
brought about by brazing processes can be reduced by a post-brazing heat treatment at a temperature 
below that which causes solution heat treatm nt The treatment has the capacity of increasing toe useful Bfe 
of a brazed product several-fold, and is particularly unusual and unexpected when applied to brazed 
products made from a non-heat-treatable core material. 
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DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 

. ™ e d S on and intensi *y of the heat treatment in accordance with the present invention are 
.^dependent in a reciprocal manner. Thus, as higher temperatures are used, equivalent results may be 
obtamed in lesser tomes, and vice versa. With these considerations in mind, the parameters of the treatment 
TU*J mQ !t Wlde ' y - 9enera1, nowever - t" 6 temperature is kept below that at which solution heat 
treatment is known to occur for the particular core alloy used in the product Best results will generally 

™VP5ZZtt£^ 300 ° F (,50 ° C) to *°* 800 ° F (430 ' C) - preferab,y 

In the broadest sense, the length of time during which the product is held at the treatment temperature 
may-range from a fraction of an hour up to several days. The time requirement for any particular desired 
result w.ll vary with the treatment temperature. At treatment temperatures less than about 400 "F (204-C) 
" to ° btained in treatments lasting at least about 20 hours; while at temperatures of about 
400-F (204-C) to about 500'F (260 °C), the time period for comparable results is at leasT about 10 SSr 

SJSSZ^T^ f ' T e *" may °° about 25 minutes. ,n pra^S 

embodiments of the invention, the treatment is done at a temperature of about 450-F (230-C) to about 
650-F (345-C) for at least about two hours, with commercially useful results generally occurring in less than 
^denT PrSSSUre maintained dUnn9 ^atmem ma Y var Y widely; atmospheric pressure is 

th* 2^ *!L heat 'TT ? We " bQlOW * e fara2in 9 temperature range, cooling will be required between 
to two procedures. Beneficed resorts will generally be obtained, regardless of whether theloo.ing is do^e 

^f y ° r "S^J? 18 Pr8ferred msthod ' howevei "- js to co °' *e brazed product to a temperature w P 
below the heat treatment temperature, then raise the temperature back to the desired level Beneficial 

, ■ eS l!! t bY ,OWenn9 temperature to about 550-F (288-C) or less, preferably about 350«F 
(i77 0 C) or less, in this intermediate stage. 

The process of the invention is applicable to brazed products in general, with particular utility in 

^^toZ .ZT'r'*™ 2 *'! Pf TT 17,6 PrOC6SS is P re,erab| y to Products formed from non- 

he^-treatable core alloys, preferably those of the 3XXX series of alloys as designated by the Aluminum 
Association. Examples are the 3003. 3005. and 3105 aiioys. including modified Versions of these™™ 
^"f ° f partcu,ar '"tfr^t are also those having cladding or brazing alloys which contain siiicon as L 
SET^S oying etement Exemplary such alloys are those of the 4XXX series, notabiy the 4003 4043 
4045. 4047, 4104 and 4343 alloys, including modified versions of these alloys 

n„r HZ fo,l ^ n 9 exam P ,es for purposes of illustration only, and are intended neither to define 

nor limit the invention in any manner. , ™ 
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EXAMPLE 1 

A brazing sheet of the following composition was cut into pieces measuring 2-3/16 in. (5.56 cm) by 
3/4 in. (12.06 cm) by 0.0206 in. (0.052 cm) thick: 



Table 1>1 



TESj 



70 



Core Alloy 



MATERIALS 

Cladding Alloy 
(12% Both Sides) 





Element 


Weight % 


Weiqnt % 




Si 


0.14 


11.7 


75 


Fe 


0.49 


0.3 




Cvt 


0.10 


0.05 




Mn 


1.12 


0.01 


20 


Mg 


0 .56 


0.19 




Cr 


0.007 


0.002 




Zn 


0.07 


0.03 


25 


Ti 


0.019 


0.027 




Al 


balance 


balance 



30 



35 



4Q 



A simulated brazing procedure was performed by suspending the pieces upright in a vacuum furnace 
where they were heated to 1100'F (593 »C) at a pressure of 1 x 10"" 5 ton* in fifteen minutes and held at 
temperature for two minutes. The pieces were then withdrawn from the furnace and cooled in air. Some of 
the pieces were then given a post-braze thermal treatment in accordance with the present invention by 
being heated to 350°F (177°C) at atmospheric pressure for varying lengths of time. 

Ail pieces were then cut to fit into a leak test device, and one side of each was masked with 
electroplater's tape. The pieces were then corrosion tested in the device according to ASTM Procedure No. 
G43 in a 98% humid atmosphere by intermittent exposure to an atomized solution consisting of (on weight 
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Table 1.2 
CORROSION SOLUTION 

Component. 

Synthetic sea salt 
Glacial acetic acid 
Warer 



Amount: 

42 g/liter 

10 mi/liHer 

balance 



for extended periods of time. This is a procedure which is known in the aluminum industry for its ability to 
duplicate the intergranular mode of corrosion observed in automotive radiators retrieved from field service. 

During exposure to the corrosion solution, the pieces were monitored daily for the development of 
blisters on the taped sid indicating perforation of the pieces by corrosion. The results are shown in Table 
1.3. 
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Table 1.3 
BLISTER TEST RESULTS 
Post-braze Treatment Honrs Exposure to Appearance of 
(Hours at 350°F) Corrosion Solution Taped Side 



10 



15 



4 


48 


blisters 


8 


48 


blisters 


24 


48 


no blisters 


24 


160 


blisters 


74 


160 


no blisters 


74 


600 


blisters 



Summarizing this table, corrosion resistance improved as the post-braze treatment was extended from 4 
to 24 hours (based on a 48-hour corrosion test), and again from 24 to 74 hours (based on a 160-hour 
corrosion test). The point where blisters (i.e., perforation due to corrosion) did appear on a sample which 
had been given a 74-hour post-braze treatment at 350- F was between 160 and 600 hours' exposure to the 
corrosion solution. 

The tape was then removed from the test pieces, and the pieces were rinsed and cleaned in a solution 

o C noL°!?l C ^ phos P noric acids < AS ™ Solution No. G1) at 180-F (82'C), then baked for thirty minutes at 
250°F (121 °C) to remove retained water. 

Each piece was then pressurized with air at 20 psig (133 newtons/cnV) under water and the number of 
perforations detected by visual observation of streams of bubbles. The number of perforations per piece is 
shown in Table 1.4 as a function of the degree of post-braze treatment and the degree of exposure to th 
corrosion solution: ^ 







Table 1.4 








PERFORATION TEST RESULTS 




35 


Post-braze Treatment Hours Exposure to 


Number of 


(Hours at 


350 °F) Corrosion Solution 


Perforations 




0 


48 


* 

15+ 




4 


48 


25+* 


40 


8 


48 


10 




24 


48 


0 




24 


160 


7 


45 


74 


160 


0 




74 


600 


2 



55 



* 

Where the perforations were either so numerous or 
so large as to make counting uncertain, an estimate 
was made and a 11 +" sign placed next to the number. 

Summarizing Table 1.4. post-braze treatments of 8 hours and above produced consistent reductions of 
the number of leaks within any given number of hours of corrosion exposure. 
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EXAMPLE 2 

The Diocedures of Example 1 w re repeated, using the same materials, with the xception that the 
temperature in the post-braze thermal treatment was varied between 250-F (121 -C) and 550-F (288-Q. 
s The results are shown in Table 2.1 . 

Table 2.1 
BLISTER AND PERFORATION TEST RESULTS 
70 Total 

Post-Braze Treatment Hours to Hours Of Number Of 

Temperature 



75 

250°F 



20 

350°F 



45G°F 



500°F 

30 



550°F 

35 



Time 


First Blister 


Exposure 


Perf oratx 


o 


48 


48 


15+ 


24 fa 


24 


48 


19+ 


72 fa 


24 


48 


10+ 


100 days 


144 


144 


2 


24 fa 


144 


168 


2 


72 h 


216 


264 


1 


0.5 fa 


48 


48 


20+ 


1.5 fa 


24 


- 48 


17+ 


24 fa 


216 


264 


2 


72 fa 


240 


264 


1 


0.1 fa 


48 


48 


15+ 


0.3 fa. 


48 


48 


14+ 


24 fa 




264 


2 


72 fa 




1108 


0 


1 mia 


24 


48 


9+ 


6 min 


48,.. 


48 


4+ 


24 Ii 




1108 


3 


72 fa. 




1108 


2 



40 



No blisters observed over entire duration, cf test. 



Summarizing Table 2.1, there is essentially no improvement obtained from post-braze treatments of 24 
and 72 hours at 250°F when compared to the untreated (\.e., as-brazed) sample which is the first entry. 
Significant effects are seen at higher temperatures, however. For example, a 24-hour treatment at 350-F 
45 was equal in effectiveness to a 100-day treatment at 250°F. Among the 350'F tests, an extension of th 
treatment time from 24 to 72 hours produced a further improvement, while equivalent improvements were 
achieved in 24 hours at 450°F and 500°F. Further extension to 72 hours at 500°F produced an even larger 
improvement, which was obtained in only 24 hours at 550 °F. Thus, over the temperature range investi- 
gated, equivalent improvements occur in shorter times at higher temperatures. 
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EXAMPLE 3 

Two vacuum brazed automotive radiators formed from the following core and brazing alloys w 
selected for testing: 



Table 3.1 
RADIATOR MATERIALS 
Radiator A Radiator B 



Element 


Core 


Claddinc 


Core 


Claddina 


Si 


.21 


9.6 


.14 


11.7 


Fe 


.55 


.4 


.49 


.3 


Cu 


.15 


.16 


.10 


.05 


Mn 


1.18 


.08 


1.12 


.01 


Mg 


.01 


1.45 


.56 


.19 


Sn 


.08 


.15 


.07 


.02 


Ti 


.02 




.01 


.03 


Al 


balance 


balance 


balance 


balance 



Test sections were cut from each radiator, each about 6 inches (15.2 cm) long and containing four tubes 
with intervening air centers. Reserving one section of each type as controls, the remaining sections were 
subjected to a post-braze heat treatment at 350°F (177°C) at atmospheric pressure for 88 hours. 

The ends of the tubes were sealed off for the corrosion test, which consisted of exposing the sampl s 
30 to a corrosion solution as in Example 1 for preselected periods of time. After exposure of the samples, the 
plugs were removed and the samples were cleaned and dried as in Example 1. The two interior tubes in 
each sample were submerged and pressurized with air at 20 psig and perforation observations were mad 
as before. The results are shown in Table 3.2. 
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Table 3.2 
PERFORATION TEST RESULTS 
5 Hours Exposure to Number of Perfora tions 

Corrosion Solution Tube 1 Tube 2 

Radiator A 

As Brazed 144 25+ 25+ 

io 264 12+ 12+ 

Thermally 144 0 0 

Treated 264 0 0 

350°F/38 nrs 408 2 i 

600 5 4 

Radiator B 

As Brazed 264 25+ 25+ 

Thermally 264 J 0 

Treated 408 1 <J ■ 

350°F/88 hrs 600 0 ° 

1008 2 0 

Summarizing Table 3.2, major improvements in corrosion resistance are shown in ail thermally treated 
samples, even with four times the exposure to the corrosion solution. 

30 

EXAMPLE 4 

The procedures of Example 1 were again repeated, using the same materials but at temperatures of 
550°F (288°C) and 650°F (343°C) while varying the treatment time further. The results are shown in Table 
35 4.1 , which presents data from two samples for each set of conditions. 
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Table 4.1 

BLISTER AND PERFORATION TEST RESULTS 

Total 

Post-Braze Treatment Hours to Hours Of Number Of 

Temperature Time First Blister Exposure Perforations 

550°F 24 h 

550°F 16 h 



75 550°F 8 h 

550°F 4 h 

550°F 2 a 

550°F 1 h 

550°F 0.5 h 

650°F 1 h 



20 



30 



- 


1008 


0 




1008 


0 


- 


1008 


0 




1008 


0 


- 


1008 


0 




1008 


0 




1008 


0 




1008 


0 


336 


336 


i 




1008 


0 


168 


168 


4 


216 


216 


1 


168 


168 


2 


192 


192 


2 


528 


528 


2 


504 


504 


2 



Summarizing this table and comparing to the first entry in Table 2.1, improvements in corrosion 
35 resistance occur with treatments at 550°F lasting as little as 0.5 hour, although further improvement occurs 
with longer treatment times. 



EXAMPLE 5 

The procedures of Example 1 were again repeated with the same materials, this time raising th 
treatment temperature even further to show a loss of improvement at high temperatures. The results an 
listed in Table 5.1 , again showing data from two samples for each set of conditions. 
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Table 5.1 
BLISTER AND PERFORATION TEST RESULTS 

Total 

Post-Braze Treatment Hours to Hours Of m Num . ber ^ 

Temperature Time 

650°F 25 a 

50 fa. 
75 fa 

700°r 25 h. 

50 fa 
75 fa 

750°F 25 fa 

50 fa. 
75 h 

800°F 25 fa 

50 h. 
75 fa 

850°F 25 h 

50 fa 
75 fa 

900°F 25 fa 



Dlisuer 


Exposure Perforati 


240 


288 


2 




456 


1 


672 


672 


2 


7zu 


7Q9 


4 


312 


336 


1 


Z AO 


o / z 


i 

X 


288 


288 


0 


432 




1 


384 


384 


1 


336 




i. 


356 


384 


3 


•too 

288 


Zoo 


J. 


288 


288 


3 


312 






336 


336 


1 


288 


OQfl 
ZOO 


"1 
J. 


216 


216 


3 


264 


Zoo 




192 


192 


4 


192 


iyz 




216 


216 


5 




144 


1 


120 


120 


1 


216 


216 


8 


96 


120 


20 


48 


120 


20 


48 


48 


20 


72 


120 


20 


48 


48 


20 


48 


120 


20 


48 


48 


20 


96 


120 


20 
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50 h 


48 


48 


20 


5 






72 


120 


20 




1000°F 


25 b. 


48 


48 


0 








120 


144 


10 


70 




50 h 


120 


144 


15 








120 


288 


0 




1050°F 


25 h. 


120 


216 


6 








120 


216 


12 


75 
















50 h. 


120 


144 


15 








192 


288 


0 








144 


144 


20 


20 






288 


288 


0 



Summarizing this table and again comparing to the first entry in Table 2.1, a loss of effectiveness i< 
seen at treatment temperatures of 850 °F (464 °C) and above. 



EXAMPLE 6 

This example demonstrates the effect achieved by inserting an intermediate cooling step between the 
30 brazing and heat treatment steps. In Table 6.1 below, the heat treatment was performed without an 
intermediate cooling, by merely placing the samples in a chamber at the temperature shown, for the 
duration shown, immediately after removal from the brazing furnace. The materials and all other procedures 
were the same as in Example 1 . r ~ - 
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Table 6.1 

POST-BRAZE HEAT TREATMENT WITHOUT INTERMEDIATE COOLING — 
BLISTER AND PERFORATION TEST RESULTS 

Hours 



Post-Braze Treatment: to 1st Blister fHrs Egp]/[# Perfs] 



Temperature 


Time Sample: 


1 


2 


1 


2 










800°F 


25 min 
50 


48 

"70 


48 


48/20 


48/20 
72/4 


75G°F 


25 
50 


48 
48 


48 
48 


48/20 
48/4 


48/20 
48/6 


700°F 


25 
50 
75 


48 
48 
48 


48 
48 
48 


48/20 
48/10 
48/9 


48/20 

48/5 

48/6 


650°F 


25 
50 
75 


48 
72 
48 


48 
72 
72 


48/20 
72/20 
48/2 


48/12 
72/12 
72/14 


600°F 


25 


48 


48 


48/10 


48/7 


50O°F 


50 


43 


48 


48/20 


48/20 


400°F 


50 


48 


48 


48/20 


48/20 



I.e., [Total Hours of Exposure!/ [Number of Perforations] 



in Table 6.2 the samples were cooled between the brazing and heat treatment steps to the 
temperatures shown and held there momentarily before being reheated to 650*F (343°C) for the corrosion 
resistance treatment 
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Table 6.2 



POST-BRAZE HEAT TREATMENT WITH INTERMEDIATE COOLING — 
BLISTER AND PERFORATION TEST RESULTS 



Post-Braze Treatment 
Cool-Down Reheat 



JO 



75 



20 



25 



30 



Temp. 
550°F 



400 



350 



300 



250 



Temp. 
650°F 



650 
650 
650 
650 



Time 

At Hours To 1st 
Reheat Blister 



50 h 



50 



50 



50 



50 



96 
96 

96 
120 

216 
264 

264 
216 

288 
288 



Total 
Hours Of 
Exp. 
120 
120 

120 
120 

216 
312 

312 
216 

312 
312 



No. Of 
Perfs. 

3 

4 

6 
2 

1 
3 

4 
1 

2 
2 



Summarizing Tables 6.1 and 6.2. the intermediate cool-down to a temperature of 550 °F or lower 
followed by reheating to a higher temperature provides a significant improvement in the ultimate corrosion 
resistance, the improvement increasing as the cool-down temperature is lowered. 

The foregoing is intended primarily for purposes of illustration. It will be readily apparent to those skilled 
in the art that numerous modifications and variations of the procedures and conditions described above mav 
be made without departing from the spirit and scope of the invention 



40 



45 



SO 



55 



Claims 

-i 

1 . A method for improving corrosion-resistance in a brazed aluminium-base product 
characterised by 

heating the product to a temperature in the range from 300* to 800-F (150° to 425°C) for at least 25 
minutes. ° 

(2ii to 34^C) i0 aCCOrda " Ce Claim 1> in which *» temperature is in the range from 450" to 650-F 

3. A method in accordance with claim 1 or 2, in which the heating is continued for at least 2 hours 

4. A method in accordance with any preceding claim, in which the product is cooled after brazino to an 
heating temperature b8low 0,6 heatin 9 temperature and less than about 5S0»F (290«C) prior to the 

*1 l met £? in f*? rdanCe With claim 4 ' in wnich me P roduct a** brazing is cooled to an intermediate 
temperature below the heating temperature and less than about 350 °F (175°C) prior to the heating 

k», 6 ' ^JT 6 ^ accordance witn Preceding claim, in which the product is heated to a temperature 
below that at which solution heat treatment is caused. 

corrosion meth0d Pr0dUCln9 a brazed a,uminium P^uct having improved resistance to intergranular 
characterised by 

(a) joining a first aluminium-base material comprising an aluminium-base core material clad with an 
aluminium-base brazing alloy to a second aluminium-base material by brazing; and 

(b) heating the product of step (a) to a temperature in the range from 300° to 800°F (150° to 425-0 
for at least 25 minutes. ' 

t-JL* T eth ° d "L accor ? ance with claim 7 - in which «"e aluminium-base core material is a non-heat- 
treatable aluminium-base alloy. 
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9. A method in accordance with daim 7, in which the aluminium-bas core material is an alloy of the 
""Ta mSSTa^^ any ot Cairns 7, 8 and 9, in which the aiuminiunvbase brazing alloy Is 

s 3 S ~r^a^«w^ any ot daims 7. 8 and 9. In which the aluminium-base brazing a«oy is 
" 71™"^*^™ ™ 7 to 11. in which step (a, is performed by vacuum 
""S'a method in accordance with any of claims 7 to 12. in which the temperature in step (b) is in the 

70 ^T^ZJl^r^e wi^a^of Cairns 7 to 13. in which the heating in step (b, is continued for 

* A method in accordance with any of claims 7 to 14. further comprising cooling the product of step 
(a) prior te Ts^rjtoTlSediate temperature below the temperature of step (b) and less than about 

75 ^TunL in accordance with ciaim 15. in which the product of step (a) is cooled to an intermediate 
temperature less than about 350°F (175"C). 

17. A brazed aluminium product formed by: . 

(a) joining a first aluminium-base material comprising an aluminium-base core matenal dad wrth an 
aluminium-base brazing alloy to a second aluminium-base material by ^ 

(b) heating the product of step (a) to a temperature in the range from 300 to 800 F (150 to 425 C) 

for laTbied'iminium product in accordance with claim 17. in which the aluminium-base core material 
is a non-heat-treatable aluminium-base alloy. . . . . 

iTa orazi aluminium product in accordance with claim 17. in which the alum.n,um-base core matenal 
is an alloy of the Aluminum Association 3XXX series. 

20 A brazed aluminium product in accordance with any of claims 17. 18 and 19. m wh.ch the 
aluminium-base brazing alloy is a siHcon-containing aluminium alloy. 

21 A brazed aluminium product in accordance with any of claims 17. 18 and 19. in which the 
aluminium-base brazing alloy is an alloy of the Aluminum Association 4XXX series. 

STb^ a,umLm product in accordance with any of claims 17 to 21. in which step (a) has been 

^t^Zn^p^uct in accordance with any of claims 17 to 22. in which step (b) has been 
performed at a temperature in the range from 450- to 650-F (233- to 345"C). . 

2 Ta brazed aluminium product in accordance with any of claims 17 to 23. in wh,ch the heating ,n step 

(b) has been continued for at least 2 hours. ' 

25 A brazed aluminium product in accordance with any of claims 17 to 24. in which .the product of step 
(a) is cooled prior to step (b) to an intermediate temperature below the temperature of step (b) and less 

^ST^ZSm product in accordance with claim 25. in which the product of step (a) is cooled 
to an intermediate temperature less than about 350°F (ITO'C). 
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